T HE value of chromic oxide (chromium sesquioxide) as an indicator for estimating fecal output of sheep and cattle is dependent upon its concentration at a given sampling time providing the basis for estimating a standard recovery. However, chromic oxide excretion rate exhibits a diurnal variation (Hardison et al., 1959; Kane, Jacobson and Moore, 1952) which apparently precludes choosing a desirable single sampling time. As a means of obviating as much of this diurnal variation as possible, the use of chromic oxide as a component of shredded paper has been proposed by workers at the Rowett Research Institute (Corbett, Greenhalgh and MacDonald, 1958) . These and other studies by the same authors have indicated that the administration of chromic oxide in shredded paper significantly reduces the variability of its excretion. With shredded paper the chromic oxide was probably released from many places in the rumen rather than from one position as is likely with many of the other forms of administration.
The purpose of this experiment was to study recovery of chromic oxide when administered daily or on alternate days as a component of shredded paper. The time period necessary for attaining equilibrium in chromic oxide intake and excretion and the diurnal variation in chromic oxide excretion was also determined.
Experimental Procedure
Trial 1. Six Holstein steers, average weight 275 kg., were fed 4.0 kg. of Kansas prairie hay, 0.5 kg. of cottonseed meal and l0 gm. of sodium chloride per head daily in a digestion trial to study the pattern of chromic oxide excretion administered once daily impregnated in shredded paper. The shredded paper was purchased from the Rowett Research Institute, Bucksburn, Aberdeen, Scotland. The hay level was the maximum con-sumed daily per steer with no refusal. The steers were fed 6:00 a.m. and 6:00 p.m. and allowed a 15-day adjustment period after which 39 gm. of chromic oxide paper (15.35 gm. chromic oxide) was administered to each steer daily at 6:00 a.m. using a bailing gun. The 39 gm. of paper were divided into three portions, each portion being the maximum size which could be placed into the balling gun after wrapping with paper and securing with transparent mending tape.
The steers were fitted with fecal collection bags and harnesses of the type described by Gorski et al. (1957) , but the urine collection apparatus was not used. Feces were removed from the bags every 12 hr., but were cornposited, weighed and sampled (3% of weight) once daily. This was continued for 11 days in order to determine the number of days required for fecal excretion of chromic oxide to equilibrate with intake, or the time required for uniform fecal excretion of chromic oxide. Beginning at 7:00 p.m. on the 12th day, grab samples of feces were taken directly from the rectum from each steer every 2 hr. for a 48-hr. period in order to determine the diurnal variation in fecal chromic oxide concentration. During days 14 to 18, total collection was continued and daily grab samples were collected at 6:30 a.m., in order to obtain additional estimates of chromic oxide recovery.
The fecal samples were placed in plasticcoated paper cartons and stored in a refrigerator at approximately 4 ~ C. until analyzed. Chemical analysis of these samples included dry matter (A.O.A.C., 1960) and chromic oxide (Kimura and Miller, 1957) .
Trial 2. The animals, rations and equipment were as described in Trial 1 ; however, chromic oxide was administered once every other day rather than daily. After a 13-day adjustment period for the steers, 78 gin. of chromic oxide paper was administered with a balling gun every other day at 6:15 a.m. Total feces was collected for 9 days. On the 10th day 2-hr. grab sampling was started at 7:00 a.m. and continued for 48 hours. Total collection was 365 continued on days 12 and 13, and then a second period of grab sampling every 2 hr. for 48 hr. followed on days 14 and 15. During days 16 to 21 sampling of feces included single grab samples as well as total collection from each steer. Because of possible effects of one 2-hr. sampling on successive sampling times, only two grab samples were taken from each steer daily at different times for the next 6-day period in another study of diurnal variation in chromic oxide excretion.
Analysis of variance of the data was conducted by the procedure of Snedecor (1956) with usage of the multiple range test of Duncan (1955) . 103 ~ 2.1 a None of the differences was significant.
NELSON AND GREEN

Results and Discussion
The chemical composition of the prairie hay and cottonseed meal is given in table 1. Trial 1. The average percentage recovery of chromic oxide on each of the 11 days following administration of 15.35 gin. of chromic oxide is given in table 2. Recoveries were low for the first 2 days but exceeded 100% on day 3 and continued near 100% for the 9-day period, with an average recovery of 103%. The time required for equilibration of excretion with intake was slightly less than the "about a week" suggested by Corbett et al. (1960) . The range of variation of steer means and of day means from the over-all mean for the 9-day period was 5.5 and 10.0%, respectively. For days 3 through 11, neither the differences among steers nor those among days was significant (P~.05).
The relatively uniform recovery of chromic oxide is also shown in table 3, which is a summary of recoveries for the 14th through 18th days of the trial. Data are from the chromic oxide content of both the fecal grab samples and total collection. Differences among days, steers and samples were not significant. The average recovery was 97% based on total collection and 93% on fecal grab samples. The interaction of days X steers was significant (P~.05), with significant differences among steers on five of the days and among days for three of the steers. Days X samples and steers X samples interactions were not significant.
The diurnal variation in chromic oxide excretion is given in table 4. Each mean represents 12 measurements (2 days with 6 steers per day). The average recovery was 96% with no significant differences among collection times, although the recovery at 9 a.m. was 100%. Day differences and the day )K steer interaction were significant (P~.05), with percentage recovery significantly higher on day 2 for three of the steers. Differences among steers were significant on day 1 but not on day 2.
Trial 2. The recovery of chromic oxide on each of 9 days when 30.7 gin. of the indicator was administered every other day at 6:15 a.m., which was 11 hr. prior to the beginning Differences between days and the day M steer interaction were significant at P<.05.
of each 24-hr. fecal collection period, is given in table 5. Recovery for the 24-hr. period beginning 11 hr. after ihitial administration of chromic oxide was very low (30%). By day 2 the recovery was 85%, indicating again relatively high recoveries within a few days of administration. On the next period following administration (day 4) recovery was 100% and remained high on days 6 and 8. The average recovery for alternate days beginning 11 hr. after chromic oxide administration was 98%; for the other days the average 76%. Of the 24 possible comparisons of recovery during the 24-hr. periods starting 11 hr. after administration vs. recovery on the alternate days, 18 of the values were higher for the day a Chromic oxide was first administered at 6 a.m. which was 11 hr. prior to the start of this 24-hr. fecal collection period which began at 5 p,m.
b Mean for 4 days in which chromic oxide was administered 11 hr. previous to 24-hr. collection period.
e Mean for 4 days in which chromic oxide was not administered If hr. previous to 24-hr. collection period. 367 starting when chromic oxide was administered; however, differences were nonsignificant.
Recoveries of chromic oxide on days 16 to 21 are shown in table 6. The average recovery based on total fecal collection was 97%. Significantly (P<.01) more chromic oxide was recovered on days following administration of the indicator than on day of administration. Steer differences were not significant, but the steer X day of administration was highly significant (P<.01). Day of ad- a Based on daily fecal collection ending 24 hr. after administration of chromic oxide and chromic oxide content of total collection sample.
b Based on daily fecal collection ending 24 hr. after administration of chromic oxide and chromic oxide content of fe-aI grab sample taken at the beginning of the 24 hr. period.
e Differences among steers within each group of days were significant (P~.05). a P<.01 for differences between odd-and even-numbered days.
P<.05 for differences between odd-and even-numbered days. ministration vs. day following administration was significant within each of the steers. 4.6
When chromic oxide recovery was based on 2.4 grab samples taken at the beginning of the 7.0 10.6 24-hr. period rather than the sample from 5.5 the total feces for the following 24 hr., the 4.o difference between day of and day following 5.4 5.7 administration was again significant (P<.05). 3.5
The average recovery was 100%. Steer differences and the interaction were not signifi-5.2 cant. 3.6
The diurnal variation in chromic oxide excretion among sampling times (across steers and periods) is given in table 7. In this phase of the study the 24-hr. fecal collection periods started at 6 a.m. and chromic oxide was administered at 6:15 a.m. every other day. Day ., b, ~, a, ~ Time means within a column and having different letter superscripts were significantly different (P~.05), each steer. The difference between day of and day following administration of chromic oxide was again significant (P<.01). The interaction of time of day X administration day (day of administration vs. alternate days) was significant, with significant differences __ between days at 9 of the 12 sampling dates. Differences between days were not significant at 9 a.m., 11 a.m. and 1 p.m. Differences 5.5 7.7 among sampling times within days of adminis-8.6 tration and within days following administra-13.3 tion were quite variable. The recovery of 90% 8.6 of the chromic oxide at 7 a.m. on the day 8.3 6.4 of administration with only two fecal samples 5.7 per steer daily, was lower than the recovery 3.4 of 103% when there were 12 fecal samples 3.~ per steer daily. These observations suggest 412 the feasibility of administering chromic oxide on alternate days and collecting fecal grab 7.0 samples on the same day in grazing studies with steers.
of chromic oxide administration, therefore, refers to the 24-hr. period of fecal collection beginning at 6:00 a.m. when chromic ox'2de was administered at 6:!5 a.m. Alternate days are referred to as days following chremic oxide administration. The over-all average recovery of 68% for days of administration was significantly lower (P<.05) than the 112% recovery for days following a@ministration. Recovery was significantly lower for period 1 (days 10 and 11) than for period 2 (days !4 and 15). Sampling times were significantly different (P<.01). On the day of administration, chromic oxide recovery was 103% at 7 a.m. and declined steadily until 1 a.m. On the day following administration, recovery was 65% at 7 a.m., 99% at 11 a.m. and exceeded 100% for the remainder of the day. Apparently chromic oxide may be administered and fecal grab samples may be obtained near 7 a.m. every other day with near 100% recovery of chromic oxide. The diurnal recoveries of chromic oxide resulting when only two grab samples were obtained from each steer daily are given in table 8. The average recovery of 64% for days of chromic oxide administration is in close agreement with the 68% observed when fecal grab samples were taken from each steer every 2 hours. Also, the 107% recovery on days following administration is comparable to the 112% recovery for the 2-hr. sampling from Summary Recovery of chromic oxide administered daily in the form of impregnated paper to steers fed prairie hay was near 100% by the third day after initial administration and continued near this level for a 9-day period, e Each value is the mean based on 2 samples taken from 3 steers on 3 different days. Each observation is concentration of chromic oxide in a fecal grab sample divided by concentration necessary for 100% recovery.
with an average recovery of 103 fi:. Differences among steers and days were not significant. When fecal samples were collected every 2 hr., differences among sampling times were not significant.
The recovery of chromic oxide when the indicator was administered every other day was 98% for days beginning 11 hr. after administration and 76% for alternate days. When fecal samples were collected from each steer every 2 hr., differences among sampling times were significant (P~.01). When fecal grab samples were collected only twice daily from each steer the recoveries were nearly equal to the recoveries when samples were taken 12 times daily from each steer.
These studies show that chromic oxide impregnated in paper can be administered daily or every other day with nearly complete recovery of the indicator within 3 days and that it is feasible to administer chromic oxide daily or on alternate days and to collect fecal grab samples on the same day in studies with steers fed hay in drylot.
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